INSTITUTE FOR DEFENSE ANALYSES SCIENCE AND TECHNOLOGY DIVISION
and maintained the machines that others have built, relying on foreign technicians, at least initially, in the case of more sophisticated equipment. Native technicians, drawn from the most Westernized segments of the society, have moved increasingly into more active and responsible roles. Assuming responsibility for sophisticated equipment involves nut only learning how to operate it and repair it but also being able to schedule its utilization, to plan the necessary stocking of spare parts, and to manage the financial and administrative activities that go with the possession of aodern complicated and costly equipment.
This paper reports on a small buT important phase of the foundation of talent end skills necessary for modernization. We have concentrated on the lev/el of special abilities among a particular group of Vietnamese technician mechanics who were being trained to maintain helicopters. While the actual performance of helicopters in Vietnamese hands depends on a host of factors, one critical consideration is the level of competence of maintenance personnel. A serious deficiency in this domain cannot readily be compensated for in other phases of helicopter operation. At the same time, deficiencies in other phases nay lead to effects that are erroneously attributed to the incompetence of 4 >-iraintenance personnel. Competence, in turn, depends on innate ability, training, supervision, and support.
Ability, or the capacity to benefit from training, is a matter of prior experience and genetic factors. While there are no proven differences between ethnic and racial groups attributable solely to genetic factors, there are tremendous differences due to cultural variables. Vietnamese are handicapped because maintenance manuals are not available in their language, and even i f manuals were translated, their language does not have words for ma/iy of the parts, principles, or processes that make up an operating aircraft (Sinaiko and Brislin, 1970) . (However, it has been demonstrated that highly skilled translators can produce usable, high quality translations.) Less obvious, but potentially as important, are the effects of growing up in an impoverished material and ideational environment when one is faced with the task of coping with the products of a markedly different, technologically advanced culture. The specific nature of these handicaps, the time required to overcome them, and the best methods of doing so remain unknown. What we do have is a body of anecdotal accounts of successes and failures , stories of people who make the transition easily, and the tales of others whose poor performance is attributed to limited exposure to mechanical devices and inanimate sources of power.* ,v For evidence about Vietnam, see Sinaiko et al., 1969. mm II. METHOD In this research we administered tests to Vietnamese helicopter mechanics to assess the average level of certain abilities that may bear on .their job performance. Having observed helicopter technicians at work, we concluded that the following abilities at least were important: visualizing relationships among parts, especially after some parts had moved; fine discriminations of short distances; rapid differentiation between identical and dissimilar parts; picking out some parts for attention from among all the parts that were visible; and, most important, retaining the illustrative material in manuals to the aircraft. From the results of these tests it should be possible to recommnd special training that might enable Vietnamese to overcome the effects of their limited experience with complex equipment.
SUBJECTS
The subjects consisted of 31 U.S. Army and 82 Vietnamese Air Force helicopter mechanics. Both groups had just completed a 16-week training course given by the U.S. Army's Transportation Schools, and were awaiting assignment to Vietnam. Although they were trained as helicopter mechanics, the subjects are probably representative of military technicians of the respective countries. The VNAF trainees were high school graduates, 20 to 22 years of age, with special training in English prior to arrival in the U.S. The Americans ranged in age from 17 to 22 (median of 19), with a median education of Grade 11; two ven had completed less than Grade 10, while four had finished a year of college. Both groups were informed that the results of the testing would not become a part of their records and would not affect their standing in the armed forces. Cooperation and effort of both groups were excellent. The tests were selected from French's Kit of Reference T^sts. This is a set of tests of specific mental abilities, each of which has been found repeatedly to be a good measure of ^ specific skill such as verbal, numerical, or rote memory activities. Extensively documented in the psychological literature, each test has been standardized on American high school or college student groups (French et al., 1963) .
For ^he Vietnamese subjects, the instructions and examples were translated by a Vietnamese psychologist and were administered by Vietnamese officers.* The authors attended all sessions and administered the tests to the Americans. Except for instructions in the subjects' native languages, the test items themselves did not involve the use of words. Appendix A contains the instructions and sample items for each test.
'i>sts were selected to measure a number of abilities that might have some bearing on performance of technical military occupational skills.** (Although there are extensive test batteries used for the classification of U.S. Army personnel, they were not directly applicable because many of these tests involve considerable use of language.) Table 1 lists the tests by general factor, test name, and time limit. *The translator, who had completed 40 hours of technical translation in an earlier study (Sinaiko and Brislin, 1970) , was judged as excellent, based on back-translation as well as knowledge and performance testing results. **An obvious question arises about the applicability of giving tests, standardizod in one culture, to subjects representing a very different culture. We feel the practice is justified here because the Vietnamese airmen were being trained in U.S. Army methods to maintain American equipment. Thus, the abilities necessary to perform the technician's job were those measured by our test battery. Pictures-the ability to compare numbers or symbols quickly; the second test requires subjects to recognize whether shapes are identical or different when the pictures are not rotated or turned over.
Length Estimation: 8. Length Estimation and 9. Nearer Pointthe ability to judge short distances in line drawings with and without distracting lines.
Flexibility of Closure: 10. Hidden Patterns--the ability to keep one or more definite configurations in mind ?J as to make identification in spite of perceptual distractions.
Mechanical Knowledge. 11. Tool Knowledge--the ability to identify common tools from illustrations and to associate pairs of tools by function rather than similarity to appearance.
Each test began with a printed and an oral explanation and practice items. Proctors, both the authors ard Vietnamese officers, who made sure that all practice items were solved correctly, were available to answer questions about the tests. Each test consisted of two parts, presented consecutively with strict time limits. The time for each part was generally brief, ranging from 1.5 to 5 minutes.
Each test was in a multiple-choice format so that the subject marked on the test sheet itself the correct answer from two to five alternatives. The tests were scored with corrections for guessing: number right minus number wrong for the two-alternative items, number right minus one-half number wrong in the case of three-alternative items, and so on.
Hudson's Test
The second test series, based on the work of Hudson (1960 Hudson ( , 1967 , consisted of simple line drawings which are used to determine whether a subject can interpret the conventions used to portray certain threedimensional information. The pictures shown in Fig. 1 are from Hudson's test. They produce widely differing interpretations among viewers of different degrees of sophistication. Nearly all Western subjects, who are experienced with books and other printed matter, have no problem noting (1) converging lines indicating distance, (2) the relative size of the animals and the tree, and (3) the superimposition of lines indicating the relative position of the hills. These people correctly interpret the artist's intended message: the hunter is trying to kill the ant-elope since the elephant is too far away. Hudson has shown, however, that rural Africans tend to say that the hunter is trying to kill the elephant, noting that the elephant is closer to the hunter on the paper than is the antelope. The rural Africans miss the three ^ues mentioned above, cues that are Western conventions.
FIGURE 1. Hudson's Tesf: Sample Items
Since the Vietnamese are another non-Western group, we considered that a preliminary test of their ability to interpret drawings would be appropriate. If the Vietnamese made many mistakes, this should be noted so that instructors who use pictures in training courses can compensate for it.
• The full set of Hudson's 6 pictures were shown individually to 18 , Vietnamese helicopter technician trainees at Ft. Eustis, Virginia. In each picture, the experimenter pointed to the four main elements: the hunter, the elephant, the antelope, the spear. The Vietnamese subjects were asked to identify each element, and all were able to do so. Then, the subjects were asked the critical question: "Who is the hunter trying to hit with the spear?" An error was counted if the subject answered ^elephant," indicating that he did not interpret the threedimensional cues in the picture correctly. If the subject answered "antelope," the response was marked as correct: the subject had correctly interpreted the three-dimensional cues. The pictures were also shown to a control group of 18 U.S. Army helicopter trainees at Ft. Eustis, the testing procedure being the same. Both groups were tested in English by one of the authors.
(Although not directly related to the main focus of this study, we administered a simple test of physical strength: a hand dynometer was used to measure static strength of grip. Results appear in Appendix B.) 10
III. RESULTS

FRQJCH'S TEST BATTERY
The results presented in Table 2 Mechanical Knowledge differentiated the American from the Vietnamese subjects: mean scores of the 30-item test were 22, 24, and 14 for the U.S. Army, American high school students, and VNAF subjects, respectively. We did several item analyses of responses to the Tool Knowledge test. The first was a comparison of familiar tools (i.e., those that had been part of the helicopter mechanics' course) with unfamiliar tools (i.e., those that would be recognized only from previous experience). An Army officer instructor at the Transportation Schools indicated which of the 30 tools portrayed in the test were actually used by the VNAF airmen during their training. In this analysis we tested the hypothesis that VNAF subjects' lower scores could be explained on the grounds that over half of the Tool Knowledge test (17 of 30 items) contained pictures of unfamiliar objects, llius, if the VNAF technicians did significantly better on that par -: of the test related to previous experience, we could attribute their overall low scores to a cultural or learned bias. Table 3 summarizes this item analysis. It is apparent, considering the upper row in the table, tha: recent experience had little to do with performance on this test for the Vietnamese; there was virtually no difference in percentage of correct responses for test items that were related to course conten.:. In contrast, the U.S. Army subjects tended to do better on tools that had been used in the course; i.e., their scores differed (74 percent versus 86 percent) when we separated the tMO types of test item. Still another interesting comparison, perhaps reflecting an often-stated claim of much more technical or mechanical experience among Westerners, is that the Army group did better on even the "unfamiliar" tools (74 percent) than the VNAF subjects did on the "familiar" (62 percent). From these data we infer that differences on this test are not a matter only of recent experience with the tools. 14 ^ There are at least two possible explanations for the relatively poor performance of the VNAF group on this test. First, there could be a difference in previous experience with tools that puts the Vietnamese subjects at a disadvantage. Considering what we know about growing up in Southeast Asia versus the United States, this hypothesis is tenable. Second, the difference could be an artifact of the testing situation. That is, something about the way Tool Knowledge was measured with this test could favor the U.S. Army group of subjects over the VNAF group. Inspection of French's test indicates that this might, in fact, have been true. There could have been a possible perceptual problem, at least for subjects who have demonstrated spatial relations deficiencies as shown on other tests in the battery. Approximately half of the pictures in the Tool Knowledge test items are shown in incompatible scales. Ihe point is best made by reproducing two items. The wide range of scales presents no problem to anyone with sufficient experience to identify the four objects pictured in Fig. 2 .
FIGURE 2. Question 27. Tool Knowledgo Test
Thus, the lug wrench (left-most sketch) appears to be smaller than the nut (Sketch B) although, in fact, such a lug wrench would probably be larger by a factor of 20. In contrast. Tig. 3 offers a highly consistent scale. VNAF subjects were 95 percent accurate on this question, while only 38 percent answered question 27 correctly. (U.S. Army scores were 97 percent and 100 percent, respectively.) Experience enables Westerners to interpret correctly the real-life size of objects, irrespective of size discrepancies in illustrations. But, non-Westerners, as we will show later, do not always perceive pictures this way. We suggest, therefore, that the low Tool Knowledge scores among the VNAF subjects may be as much due to an unintentional characteristic of the test as to true inability to understand mechanical relationships. However, the important point for this research is that errors will likely also arise when Vietnamese look at illistrations in manuals where there are marked variations in scale.
Although it was not the purpose of this research to develop a selection battery, we did examine the-correlations betweer the 11 tests from French's Kit and English Comprehension Level (ECL) at the beginning of training and the final numerical grade earned in the course. The correlations, based on 69 of the 82 Vietnamese airmen, are shown in Table 6 . The results indicate that performance on the tests is not a matter of comprehension of English since most correlations in the first c ilumn are low and negative. In the second column the three test 1 : on which the Vietnamese are deficient correlate positively with performance in the course, a pattern which suggests that the deficiency makes a difference in the performance of the Vietnamese.
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• • Nine subjects (50 percent) made at least two errors. The 18 American subjects misinterpreted only 10 (9 percent) of the 108 oresentations. is statistically significant (X =10. 5, P < 0.01). 
«V
Within the limits of our small samples of subjects, these results suggest that the Vietnamese nay not be able to interpret two-dimensional drawings as well as Westerners. It is interesting to note that the present results for the Vietnamese are similar to those for Hudson's group of Africans who had lived in an urban environment. That is, urban Africans did better than rural Africans, and more technically sophisticated people did better than both. It should be remembered, also, that our sample of 18 Vietnamese may have been able to interpret pictures better than many of their countrymen because they had been in the United States for 16 weeks, and were thus somewhat "Westernized."
Ihese preliminary results suggest that more testing should be done on larger samples of Vietnamese subjects to determine the extent to which they can use and interpret two-dimensional drawings and other graphic material. If the above results are supported in subsequent testing, those who use pictures in training courses should make sure that the Vietnamese can understand them. Finally, the most effective techniques and the length of time necessary to train non-Western people to use graphics should be determined. The deficiency on the Spatial Ability tests has been found among peoples in many developing countries: Philippines (Guthrie, 1963) , Vietnam (Cassel, 1963) , Pamoa (Alailima, 1961) , and in Africa (MundyCastle, 1966) . It cannot be attributed to unfamiliarity with testing situations since the Vietnamese did as well as or slightly better tuan American subjects on other tests given at the same time and place. It 
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In addition to studies with illusions that have demonstrated the role of experience in perception, Hudson's work in Africa (1960 Africa ( , 1967 has shown that people have to learn conventions designed to indicate how far an object is from the viewer. The work of Ueregowski (1968) supported Hudson's findings and suggested that while African subjects could identify the objects in the picture, they did not accurately interpret the relative positions of the hunter and animals.
Especially interesting is Hudson's findir that urban African groups who have had contact with pictures do better than their rural counterparts. This suggests that the ability to use pictures accurately can be learned.
] day-to-day activities, Vietnamese do not confuse the relationships in space of real objects when they see and work with them; the problem may come when they deal with certain kinds of pictorial representations. This becomes a matter of potentially great importance when a Vietnamese is asked to look at a diagram or illustration in a technical manual and then to take the appropriate steps with equipment. It has been shown that line drawings, even photographs, are not culturally universal; there are conventions by which positions and relationships are depicted, conventions which vary from one culture to another as surely as the conventions of sounds which we call language.
OTHER GRAPHIC CONVENTIONS
It may be useful to consider cultural variations in the depiction of spatial relationships in two dimensions. The artist's first impulse is to draw something the way he knows it rather than as he sees it from a single specific vantage point. Ancient Egyptian figures, for example, had eyes and torsos in front views but noses and profiles in side views.
Rubbinr« from Angkor Wöt show elaborate scenes of victory celebrations in which the most important figure is placed in the center; the crowd's depth is shown by superimposition of one figure over another and not by relative size or position on the tableau. Other events rt present above and below the main scene although these secondary mat - In this case, v. rying size is related to social standing rather than to distance from the viewer.
Art historians indicate that renaissance art ists developed current
Western techniques of dealing with perspective. But these are not universal. Present-day Chinese, Japanese, and Indian art nay not be pleasing to a Western observer who has not learned to use an oriental artist's techniques of represent iny spatial relationships. The -e are so many conventions involved in illustrations that pictorial material should be tested for comprehension just as is done with written material.
PSYCHOLOGICAL TESTING IN OTHER CULTURES
Iher'j is evidence from still another country of the direct applicability if testing procedures to military personnel from a cultural background markedly different from that of American mlitary personnel. Kotula (1965) 
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V. TRAINING TO INTERPRET DRAWINGS
We know of at least one published experience with training unsophisticated people to understand mechanical drawing. Dawson (1967) has tested a simple training technique for teaching inexperienced subjects how to interpret three-dimensional drawings. Subjects were told to look through a small square cut out of a piece of cardboard; beyond the square hole was a window. Using this view, subjects were to sketch the dominant lines in the outside scene on the window surface. Dawson says of his method, "...The result was a three-dimensional representation of the outside scenery on a flat surface, the window. The use of this technique made it much easier for Ss to understand the methods used for representing scenery in three dimensions on a flat surface...." Subjects continued the "window drawings" until they could make drawings of three-dimensional objects using standard cues of size, overlap, and convergence. There was one one-hour sesr.ion each week over an eightweek period. As the sessions progressed, subjects sketched similar scenes on paper. More complex spatial forms were used as models for sketches. Ihe last phase of training required subjects to view photographs of the same area they had been drawing.
Dawson's trainees were compared on three-dimensional perception test scores with a control group that had not received training. A statistically significant difference was demonstrated favoring the specially trained group. 
NEARER POINT TEST -U-3
This is a test of your ability to coapara snail distances quickly. Each problem has a central point ( (9) •si
• b
The arswers to the above problems are as follows: I is b; II is a; III is b; IV is a; V is a. Trong thl du thu nhät, B la cau tra Idi dung vi^chiec bua 3 phia trai thüönc ddöc dung de^ddng danh. Trong thi'du thü'hai, cau tra LdVdung la C. Chiec cda de'khdet ^"ö^hia träi cö the'diidc düng tö'i sau khi chiec khoar, go'diWc dung de^khoan mot lo du luon chiec cda va.i.
HIDDEN PATTERNS TEST -
•Diem so'cua ban la" so'cac ca'u ghi trung trd di mot phan so caccau qhi sal. Vi.väy, doän mö kh6ng cd l6i trü'khi ban cd the^loai bd mot hay nhieu cau tra löi sai.
. . ^ Ban co' bphut de lam moi phan. Bai träc nghiem co'hai phan, moi phan gom 2 trang. Khi xong phari 1, hay ngüng lai, vä düng tiep qua phän ' . neii chia dubc yeu cäu. 
---li
In example 1, B is the answer because the hammer at the left is used to hammer nails. In example 2, the right answer is C. The keyhole saw at the left can be used after a wood bit is used to rrake a hole in which the saw may start its cut.
Your score on this test will be the number marked correctly minus a fraction of the number marked incorrectly. Therefore, it will not be to your advantage to guess unless you are able to eliminate one or more of the answer choices as wrong. While data exist on body dimensions of Vietnamese and other groups, very little is known about distributions of physical strength.
We took the opportunity afforded during the psychometric testing, which makes up the main part of this report, to obtain some very rudimentary measures of static strength A simple hand dynamometer was used to get two strength-of-grip readings on each of 82 VNAF airmen. As a control, we made similar measures on a group of 18 U.S. Army technicians. The results are shown in Table B 
